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ANTI-LOCK BRAKE CONTROL SYSTEM 
FOR MOTOR VEHICLE WITH FACILITY 
FOR DISCRIMINATING VIBRATIONS OF 

DRIVING WHEELS THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to an anti-lock 
brake control system for a motor vehicle. In more particular, 
the invention is concerned With the anti-lock brake control 
system Which is capable of performing an anti-lock brake 
control While taking into consideration discriminatively the 
vibrations in the velocity or speed of the Wheels of the motor 
vehicle Which take place When the motor vehicle is running 
on a rough road of an irregular or Wavy road surface on one 
hand and the vibration of the Wheel speed referred to as the 
judder Which is brought about due to variation in the torque 
transmitted betWeen a driving system inclusive of an internal 
combustion engine (hereinafter also referred to simply as the 
engine) and the driving Wheels of the vehicle on the other 
hand. Further, the invention is concerned With a method of 
detecting discriminatively Whether vibration of the driving 
Wheel of a motor vehicle is brought about by What is knoWn 
as a judder phenomenon or by a rough-road condition. 

2. Description of Related Art 
In general, in the anti-lock brake control system for the 

motor vehicle, the trend of Wheels being locked is detected 
on the basis of the result of comparison betWeen the Wheel 
speed (given, for example, by rotation number of the Wheel 
per minute or rpm) and an estimated velocity or speed of the 
motor vehicle or on the basis of deceleration of the Wheel or 
the like, Wherein braking hydraulic pressure applied to the 
Wheel is adjusted or regulated so that magnitude of skid of 
the Wheel relative to the road surface is maintained at a value 
close to a region in Which the friction betWeen the Wheel and 
the road surface assumes a peak value, With a vieW to 
shortening the stopping distance of the motor vehicle, ensur 
ing stability of the vehicle body and enhancing the manipu 
latability or driving performance of the motor vehicle. By 
Way of example, in the conventional anti-lock brake control 
system knoWn heretofore, decision is made to the effect that 
the Wheel of the motor vehicle tends to be locked When 
behavior of the Wheel such as a slip thereof Which represents 
a sink of the Wheel speed relative to the estimated vehicle 
speed attains a predetermined threshold value, Whereupon a 
control for loWering the braking hydraulic pressure applied 
to the Wheel is carried out. 

In this conjunction, it is noted that When a motor vehicle 
is running on a so-called rough road having a irregular or 
Wavy road surface, the Wheel speed is caused to vibrate due 
to the roughness of the road surface. In that case, the braking 
hydraulic pressure may be loWered as a result of the anti 
lock brake control, because the trend of the Wheel being 
locked may be decided on the basis of the Wheel vibration 
possibly detected as the slip of the Wheel on the basis of the 
acceleration/deceleration of the Wheel, as mentioned above. 
HoWever, it Will readily be appreciated that in that case, the 
anti-lock brake control for loWering the braking hydraulic 
pressure is intrinsically unnecessary because the Wheel 
vibration does not indicate the Wheel-lock trend or tendency 
but it is brought about by the roughness of the road surface. 
Thus, When the anti-lock brake control system performs the 
braking hydraulic pressure loWering control in response to 
the detection of the Wheel vibration brought about by the 
rough-road condition, there may arise such situation that the 
anti-skid braking force applied to the Wheel becomes insuf 
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2 
?cient. Under the circumstances mentioned above, such 
measures are adopted that When the roughness of the road 
(i.e., bad road) on Which the motor vehicle is running is 
detected, the criterion of the decision for validating the 
braking hydraulic pressure loWering control is made more 
severe or the criterion of the decision for increasing the 
braking hydraulic pressure is altered to be less severe, in an 
effort to suppress the anti-lock brake control in response to 
the Wheel vibration occurring When the motor vehicle is 
running on a bad or rough road. 

Next, let’s consider the judder phenomenon. When the 
braking hydraulic pressure is increased or decreased steeply, 
magnitude of the torque applied to the Wheel varies signi? 
cantly. Upon occurrence of such variation in the torque 
applied to the driving Wheel of the motor vehicle, variation 
naturally takes place in the transmission of torque betWeen 
the driving Wheel and the engine Which are operatively 
connected or coupled together via a drive shaft. In that case, 
because of a large inertia of the engine, the drive shaft 
coupling together the engine and the driving Wheel is 
subjected to torsion. In particular, When the motor vehicle is 
running on a road having a road surface of a small coefficient 
of friction such as a froZen road surface, the drive shaft is 
likely to be applied With such torsion, Which incurs vibration 
of the Wheel. This phenomenon is What is referred to as the 
judder. In this conjunction, When the phenomenon of judder 
is erroneously identi?ed as the vibration due to the rough 
road condition to thereby set more severe the criterions for 
validating the loWering of the braking hydraulic pressure, 
there may arise such situation that the braking hydraulic 
pressure is not loWered for the driving Wheel Which has 
actually a tendency of being locked. Consequently, magni 
tude of the slip of the Wheel increases, involving degradation 
in the stability as Well as in the steering performance of the 
motor vehicle. On the other hand, When the criterions for 
validating the control for increasing the braking hydraulic 
pressure are set less severe, as mentioned previously, the 
judder Will unWantedly be promoted because of the torque 
varies in synchronism With the vibration, to uncomfortable 
ness of a drive of the motor vehicle. 

As the measures for coping With the problems mentioned 
above, there have heretofore been proposed various 
approaches. By Way of example, in Japanese Unexamined 
Patent Application Publication No. 32222/1994 (JP-A-6 
32222), such an anti-lock brake control for a motor vehicle 
is disclosed according to Which decision is made to the effect 
that Wheel vibration is taking place When acceleration and 
deceleration of predetermined magnitude occurs a predeter 
mined number of times Within a predetermined time, 
Wherein the Wheel vibration is decided as being brought 
about by the judder When the frictional coefficient of the 
road surface is loW. 

Additionally, there is disclosed in Japanese Unexamined 
Patent Application Publication No. 257347/1995 (JP-A-7 
257347) such an anti-lock brake control according to Which 
When rapid restoration of the Wheel speed of the driving 
Wheel is detected and When the Wheel speed of the non 
driving Wheel is restored Within a predetermined time in 
succession to the detection of the rapid restoration of the 
Wheel speed of the driving Wheel, the criteria for validating 
the loWering of the braking hydraulic pressure are set severe. 
On the other hand, unless the Wheel speed of the non-driving 
Wheel is restored Within the predetermined time in succes 
sion to the detection of the rapid restoration of the rotation 
speed of the driving Wheel, it is then decided that the Wheel 
vibration is ascribable to the judder phenomenon, and thus 
the criteria for loWering the braking hydraulic pressure are 
modi?ed to be more lenient. 
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As is apparent from the above description, in the case of 
the anti-lock brake control system disclosed in JP-A-6 
32222, it is certainly possible to discriminate Whether the 
vibration of the driving Wheel is bought about by the 
rough-road condition or ascribable to the judder phenom 
enon. HoWever, the discriminative decision of the judder is 
made on the basis of the estimated coefficient of friction of 
the road surface. Accordingly, difficulty is encountered to 
decide discriminatively Whether the vibration of the driving 
Wheel is due to the rough-road condition or the judder 
phenomenon, When it is difficult to estimate the coefficient 
of friction of the road surface. In reality, estimation of the 
coefficient of friction of the road surface is difficult in the 
early phase of the anti-lock brake control because decelera 
tion of the motor vehicle is not stable during such early 
period. 

In the case of the anti-lock brake control system disclosed 
in JP-A-7-257347, the vibrations of both the driving Wheel 
and the non-driving Wheel are detected, Wherein When the 
rotation speeds of both the driving Wheel and the non 
driving Wheel are vibrating, it is then decided that the 
vibration of the Wheels is ascribable to the rough-road 
condition Whereas When only the speed of the driving Wheel 
is vibrating, decision is made that the vibration is due to the 
judder phenomenon. Accordingly, With this anti-lock brake 
control system, it is impossible to discriminatively discern 
Whether the Wheel vibration is due to the rough-road con 
dition or it is brought about by the judder phenomenon in 
eg a four-Wheel driven motor vehicle Whose Wheels are all 
implemented as the driving Wheels, giving rise to a problem. 

SUMMARY OF THE INVENTION 

In the light of the state of the art described above, it is a 
general object of the present invention to provide an anti 
lock brake control system for a motor vehicle Which is 
essentially or substantially immune to the problems of the 
conventional anti-lock brake control system such as pointed 
out. 

In particular, it is an object of the present invention to 
provide an anti-lock brake control system Which is capable 
of deciding or determining discriminatively the vibration of 
the Wheel speed brought about by rough-road condition on 
one hand and the vibration of the Wheel speed due to the 
judder on the other hand by detecting the torque applied to 
a drive shaft of the motor vehicle in association With only the 
driving Wheels Without need for estimating the coefficient of 
friction of a road surface, to thereby improve and enhance 
the performance of the anti-lock brake control for the motor 
vehicle. 

It is another object of the present invention to provide a 
method of discriminatively determining Whether vibration 
of the driving Wheel of the motor/vehicle is due to the 
so-called judder phenomenon or brought about by a rough 
road condition Which method can be implemented in the 
form of a program eXecuted by a microcomputer. 

In vieW of the above and other objects Which Will become 
apparent as the description proceeds, there is provided 
according to an aspect of the present invention an anti-lock 
brake control system for a motor vehicle for applying brake 
to the motor vehicle in safety While avoiding occurrence of 
a Wheel-locked state by repeating operation for loWering a 
braking hydraulic pressure When a Wheel speed decreases 
upon braking to a level at Which the Wheel-locked state is 
likely to occur and increasing again the braking hydraulic 
pressure When the Wheel speed is recovered as a result of the 
loWering of the braking hydraulic pressure, Which system 
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4 
comprises a braking hydraulic pressure regulating means for 
regulating the braking hydraulic pressure transmitted to a 
braking member provided in association With each of Wheels 
of the motor vehicle in accordance With a driving signal as 
given, a Wheel speed detecting means for detecting a rotation 
speed of the Wheel of the motor vehicle, a Wheel vibration 
detecting means for detecting Wheel vibration state on the 
basis of output of the Wheel speed detecting means, a prime 
mover means for driving the motor vehicle, a torsion torque 
detecting means for detecting a torsion torque applied to a 
driving shaft serving as a torque transmitting member for 
coupling operatively the prime mover means and at least one 
driving Wheel of the Wheels to each other, a torsion torque 
vibration detecting means for detecting vibratory state of the 
torsion torque detected by the torsion torque detecting 
means, a rough-road/judder discriminating means for dis 
criminatively deciding a judder indicative of vibration of the 
driving Wheel due to torsion of the driving shaft on one hand 
and a vibration of the driving Wheel occurring When the 
motor vehicle runs on a rough road on the other hand, a 
vibration suppressing control means for suppressing vibra 
tion of at least one of the driving Wheels by regulating the 
braking hydraulic pressure through the medium of the 
braking hydraulic pressure regulating means in response to 
decision of occurrence of the judder made by the rough 
road/judder discriminating means, and a rough-road control 
means for regulating the braking hydraulic pressure to 
suppress the loWering of the braking hydraulic pressure or 
alternatively promoting the increasing of the braking 
hydraulic pressure for at least one of the driving Wheels in 
response to decision made by the rough-road/judder dis 
criminating means that the Wheel vibration is ascribable to 
the rough road. 

In a preferred mode for carrying out the invention, the 
torsion torque vibration detecting means may include a 
torsion torque vibration period measuring means for mea 
suring a torsion torque vibration period at Which the torsion 
torque reaches a predetermined value. On the other hand, the 
Wheel vibration detecting means may include a Wheel accel 
eration arithmetic means for determining a Wheel accelera 
tion by determining a rate of change of the Wheel speed and 
a Wheel vibration period measuring means for measuring a 
Wheel vibration period at Which the Wheel acceleration 
reaches a predetermined value. In that case, the rough-road/ 
judder discriminating means may be so designed as to 
decide that the Wheel vibration is brought about by the 
rough-road condition When the Wheel vibration period is 
greater than a predetermined value inclusive and When 
difference betWeen the Wheel vibration period and the tor 
sion torque vibration period is greater than a predetermined 
value inclusive, While deciding that the Wheel vibration is 
due to judder When the Wheel vibration period is smaller 
than the ?rst mentioned predetermined value and When the 
difference betWeen the Wheel vibration period and the tor 
sion torque vibration period is smaller than the second 
mentioned predetermined value. 

In another preferred mode for carrying out the invention, 
the torsion torque vibration period measuring means may be 
so designed as to measure a time lapsed from a time point 
at Which the Wheel acceleration reached the predetermined 
value as detected by the Wheel acceleration arithmetic means 
to a time point at Which the torsion torque attains a prede 
termined value Within a predetermined time period. In that 
case, the rough-road/judder discriminating means may be so 
designed as to decide that the Wheel vibration is ascribable 
to rough-road condition When the time measured by the 
torsion torque vibration period measuring means is greater 
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than a predetermined value inclusive, While deciding that the 
Wheel vibration is due to judder When the time measured by 
the torsion torque vibration period measuring means is 
smaller than the predetermined value. 

In yet another preferred mode for carrying out the 
invention, the Wheel vibration detecting means may include 
a Wheel acceleration arithmetic means for determining a 
Wheel acceleration by determining a rate of change of the 
Wheel speed, and a Wheel vibration amplitude calculating 
means for arithmetically determining a maXimum value or 
alternatively a minimum value of the Wheel acceleration as 
a Wheel vibration amplitude value representing the ampli 
tude of the Wheel vibration. In that case, the torsion torque 
vibration detecting means is comprised of a torsion torque 
vibration amplitude calculating means for arithmetically 
determining a maXimum value or alternatively a minimum 
value of the torsion torque as a torque amplitude value 
representing the amplitude of the torque variation. Further, 
the rough-road/judder discriminating means may be so 
designed as to decide that the Wheel vibration is ascribable 
to rough-road condition When a ratio betWeen the Wheel 
acceleration amplitude value and the torsion torque ampli 
tude value is greater than a predetermined value inclusive 
While deciding that the Wheel vibration is due to judder When 
the ratio betWeen the Wheel acceleration amplitude value 
and the torsion torque amplitude value is smaller than the 
predetermined value. 

In a further preferred mode for carrying out the invention, 
the Wheel vibration detecting means includes a Wheel accel 
eration arithmetic means for determining a Wheel accelera 
tion by determining a rate of change of the Wheel speed, a 
Wheel vibration period measuring means for measuring a 
Wheel vibration period at Which the Wheel acceleration 
reaches a predetermined value, a corrected acceleration 
arithmetic means for determining a corrected acceleration by 
correcting the Wheel acceleration by adding thereto the 
torsion torque, and a corrected acceleration vibration period 
measuring means for measuring a period at Which the 
corrected acceleration reaches the predetermined value. In 
that case, the rough-road/judder discriminating means may 
be so designed as to decide that the Wheel vibration is due 
to a rough-road condition When the Wheel vibration period 
is greater than a predetermined value inclusive and When the 
vibration period of the corrected acceleration is greater than 
a predetermined value inclusive, While deciding that the 
Wheel vibration is ascribable to judder When the vibration 
period of the corrected acceleration is smaller than the 
predetermined value. 

According to another general aspect of the present 
invention, there is also provided a method of determining 
discriminatively vibration of a driving Wheel of a motor 
vehicle equipped With an engine and an anti-lock brake 
control system Whether the vibration of the driving Wheel is 
due to a judder phenomenon or brought about by rough-road 
condition, Which method is comprised of the steps of detect 
ing a rotation speed of the driving Wheel, detecting Wheel 
vibration state on the basis of variation in the rotation speed 
of the driving Wheel, detecting a torsion torque applied to a 
driving shaft serving as a torque transmitting member for 
coupling operatively the engine and the driving Wheel to 
each other, detecting vibration state of the torsion torque, 
and deciding discriminatively Whether the vibration of the 
driving Wheel as detected is brought about by the judder 
phenomenon or alternatively by the rough-road condition, 
on the basis of a relation betWeen the Wheel vibration state 
and the torsion torque vibration state. 

With the method described above, it is contemplated that 
a microcomputer incorporating a memory in Which the 
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methods are stored as programs falls Within the scope and 
spirit of the present invention. 
The above and other objects, features and attendant 

advantages of the present invention Will more easily be 
understood by reading the folloWing description of the 
preferred embodiments thereof taken, only by Way of 
eXample, in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the coarse of the description Which folloWs, reference 
is made to the draWings, in Which: 

FIG. 1A is a functional block diagram for illustrating 
conceptually a ?rst con?guration of a anti-lock brake control 
system according to the present invention; 

FIG. 1B is a functional block diagram for illustrating 
conceptually a second con?guration of the anti-lock brake 
control system according to the invention; 

FIG. 2 is a functional block diagram for illustrating 
conceptually a third con?guration of the anti-lock brake 
control system according to the invention; 

FIG. 3 is a schematic diagram shoWing a general arrange 
ment of the anti-lock brake control system for a motor 
vehicle according/to an embodiment of the present inven 
tion; 

FIG. 4 is a diagram shoWing in detail a structure of an 
actuator system employed as a braking hydraulic pressure 
regulating means provided in association With a driving 
Wheel in the anti-lock brake control system shoWn in FIG. 
3; 

FIG. 5 is a block diagram shoWing in detail a con?gura 
tion of a controller employed in the system shoWn in FIGS. 
3 and 4; 

FIG. 6 is a How chart for illustrating a How of processings 
eXecuted by a micro computer incorporated in the controller 
according to an embodiment of the invention; 

FIG. 7 is a How chart for illustrating a How of processings 
for deciding discriminatively Whether vibration of driving 
Wheels of a motor vehicle is ascribable to judder or rough 
road condition according to an embodiment of the invention; 

FIG. 8 is a Waveform diagram for graphically illustrating 
changes or variations in an estimated vehicle speed, a Wheel 
speed, a Wheel acceleration and a braking hydraulic 
pressure, respectively, When a motor vehicle is running on a 
rough road; 

FIG. 9 is a Waveform diagram similar to FIG. 8 for 
illustrating changes or variations of the above-mentioned 
factors When judder phenomenon is taking place; 

FIG. 10 is a vieW for illustrating behaviors of Wheel 
vibration and torsion torque vibration in the anti-lock brake 
control system according to an embodiment of the invention; 

FIG. 11 is a How chart for illustrating a How of process 
ings eXecuted by the microcomputer incorporated in the 
controller for deciding discriminatively Whether vibration of 
driving Wheels is ascribable to judder or rough-road condi 
tion according to another embodiment of the invention; 

FIG. 12 is a How chart for illustrating a How of process 
ings for deciding discriminatively Whether vibration of 
driving Wheels is ascribable to judder or rough-road condi 
tion according to yet another embodiment of the invention; 
and 

FIG. 13 is a How chart for illustrating a How of process 
ings fo deciding discriminatively Whether vibration of driv 
ing Wheels is ascribable to judder or rough-road condition 
according to still another embodiment of the invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

General Description 
Before entering into detailed description of exemplary or 

preferred embodiments of the anti-lock brake control system 
according to the present invention, the concept or principle 
underlying the invention Will ?rst be elucidated by referring 
to FIGS. 1A, 1B and FIG. 2. 

In general, upon occurrence of a judder phenomenon, 
torsion is applied to a drive shaft interconnecting operatively 
an engine and driving Wheels of a motor vehicle, as a result 
of Which a torsion torque of the drive shaft acts on the 
driving Wheels to give rise to generation of vibration thereof. 
In other Words, the vibration of the driving Wheel is brought 
about by the vibration of the torsion torque generated in the 
drive shaft. Accordingly, by detecting the vibrating states of 
the torsion torque and the driving Wheel, decision can be 
made discriminatively Whether or not the vibration of the 
driving Wheel is brought about by the judder. On the other 
hand, unless the torsion torque of the drive shaft is not 
vibrating nevertheless of vibration of the Wheel speed or 
unless the vibration mode of the torsion torque of the drive 
shaft coincides With that of the driving Wheel, it can be 
decided that the vibration of the Wheel speed is not brought 
about under the action of the torsion torque of the drive shaft 
but due to other cause, i.e., running of the motor vehicle on 
a rough road. 

Accordingly, by determining the vibrating state or behav 
ior of the driving Wheel on the basis of the detected Wheel 
speed While detecting the vibration of the torsion torque 
acting on the drive shaft, it can be decided that the vibration 
of the driving Wheel is ascribable to the judder When the 
vibration behavior of the driving Wheel coincides With that 
of the torsion torque of the drive shaft, and if otherWise, 
decision may be made to the effect that the vibration of the 
driving Wheel is attributable to the rough-road condition. 
When it is decided that vibration of the driving Wheel is 
ascribable to the judder, the vibration suppressing control is 
performed by prohibiting steep increase of the braking 
hydraulic pressure or modifying correspondingly the timing 
at Which the braking hydraulic pressure is increased. On the 
other hand, When it is decided that the vibration of the 
driving Wheel is due to the rough-road condition, the criteria 
for enabling reduction of the braking hydraulic pressure are 
altered to be more severe or alternatively control for pre 
venting the braking hydraulic pressure from being loWered 
is effectuated to thereby facilitate increase of the braking 
hydraulic pressure. 

Thus, according to a general aspect of the present 
invention, there is provided an anti-lock brake control sys 
tem Which is composed of a braking hydraulic pressure 
regulating means for regulating the braking hydraulic pres 
sure transmitted to a braking member provided in associa 
tion With each of Wheels of the motor vehicle in accordance 
With a driving signal as given, a Wheel speed detecting 
means 101 for detecting a rotation speed of the Wheel of the 
motor vehicle, a Wheel vibration detecting means 102 for 
detecting Wheel vibration state on the basis of output of the 
Wheel speed detecting means 101, a prime mover for driving 
the motor vehicle, Which may be constituted by an engine 
and other, a torsion torque detecting means 103 for detecting 
a torsion torque applied to a driving shaft serving as a torque 
transmitting member for coupling operatively the prime 
mover and at least one driving Wheel of the Wheels of the 
motor vehicle to each other, a torsion torque vibration 
detecting means 104 for detecting vibratory state of the 
torsion torque on the basis of output of the torsion torque 
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8 
detecting means 103, a rough-road/judder discriminating 
means 105 for discriminatively deciding a judder indicative 
of vibration of the driving Wheel due to torsion of the driving 
shaft on one hand and a vibration of the driving Wheel 
occurring When the motor vehicle runs on a rough road on 
the other hand, a judder-ascribable vibration suppressing 
control means 107 for suppressing vibration of at least one 
of the driving Wheels by regulating the braking hydraulic 
pressure through the medium of the braking hydraulic 
pressure regulating means in response to the decision of 
occurrence of the judder made by the rough-road/judder 
discriminating means 105, and a rough-road control means 
109 for regulating the braking hydraulic pressure to suppress 
the loWering of the braking hydraulic pressure or alterna 
tively promoting the increase of the braking hydraulic 
pressure for at least one of the driving Wheels in response to 
the decision made by the rough-road/judder discriminating 
means 105 to the effect that the Wheel vibration is ascribable 
to the rough road, as shoWn in FIG. 1A. 

In the anti-lock brake control system mentioned above, 
the rough-road/judder discriminating means 105 may be 
comprised of a judder decision means 106 for deciding that 
the Wheel vibration is a vibration Which is brought about due 
to torsion of the drive shaft of the motor vehicle and a 
rough-road decision means 108 for deciding that the Wheel 
vibration is a vibration Which occurs When the motor vehicle 
is running on a rough road. 

Further, by detecting the vibration of the Wheel as Well as 
the vibration of torsion torque and comparing the vibration 
period of the Wheel With that of the torsion torque deter 
mined on the basis of the detected vibrations of the Wheel 
and the torsion torque, respectively, it can be decided that the 
vibration of the Wheel is ascribable to the torsion torque and 
thus the vibration of the Wheel is due to the so-called judder 
phenomenon When both the periods mentioned above coin 
cide With each other at least approximately. On the other 
hand, unless both the above-mentioned periods coincide 
With each other, this means that other torque than the torsion 
torque of the drive shaft is applied to the Wheel, i.e., that the 
behavior of the driving Wheel is affected by the road 
condition. Thus, it can be decided that the motor vehicle is 
running on a rough road (bad road of irregular surface) 
unless coincidence is found betWeen both the vibration 
period of the Wheel and the period of the torsion torque. 

Thus, in the anti-lock brake control system according to 
the invention, the torsion torque vibration detecting means 
104 may be composed of a torsion torque vibration period 
measuring means 104a for measuring a torsion torque 
vibration period at Which the torsion torque detected by the 
torsion torque detecting means 103 reaches a predetermined 
value. Further, the Wheel vibration detecting means 102 may 
be composed of a Wheel acceleration arithmetic means 102a 
for determining a Wheel acceleration by determining a rate 
of change of the Wheel speed and a Wheel vibration period 
measuring means 102b for measuring a period at Which the 
Wheel acceleration reaches a predetermined value, as shoWn 
in FIG. 1A. Then, the rough-road/judder discriminating 
means 105 may be so designed as to decide that the Wheel 
vibration is brought about by the rough-road condition When 
the Wheel vibration period is greater than a predetermined 
value inclusive and When difference betWeen the Wheel 
vibration period and the torsion torque vibration period is 
greater than a predetermined value inclusive, While deciding 
that the Wheel vibration is due to judder When the Wheel 
vibration period is smaller than the ?rst mentioned prede 
termined value and When the difference betWeen the Wheel 
vibration period and the torsion torque vibration period is 
smaller than the second mentioned predetermined value. 
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When a torsion is applied to the drive shaft for the driving 
Wheels, the equation of motion of the Wheel in Which the 
torsion is taken into consideration can be expressed as 
follows: 

Where IW represents moment of inertia of the Wheel, 
00 represents an angular velocity of the Wheel (being 

assumed that the direction in Which the driving Wheel 
rotates When the motor vehicle is running forWardly is 
the forWard rotation), 

Tt represents a torsion torque, 

p represents a coefficient of friction of a road surface, 

W represents a load imposed on the Wheel, 

r represents a radius of the Wheel, and 

Tb represents a brake torque. 
Relation betWeen the Wheel angular velocity u) and the 

Wheel acceleration GW can be given as folloWs: 

GW=Kr(d(1))/dl) (2) 

Where Kr represents a constant. 
Accordingly, relation betWeen the Wheel acceleration GW 

and the torsion torque Tt can be given as folloWs: 

GW=(Kr/IW)-(u'W'r—Tb—Tt) (3) 

Since the Wheel is caused to vibrate under the action of the 
torsion torque Tt upon occurrence of the judder, the Wheel 
acceleration GW and the torsion torque Tt bear a reverse 
phase relation to each other, as can be seen from the above 
expression This means that When the Wheel acceleration 
increases, the torsion torque decreases and vice versa. 

Accordingly, it is possible to detect difference in phase 
betWeen the torsion torque and the Wheel acceleration by 
detecting rise of the Wheel acceleration and fall of the torsion 
torque, respectively, or alternatively fall of the Wheel accel 
eration and rise of the torsion torque, respectively. On the 
basis of the phase difference betWeen the torsion torque and 
the Wheel acceleration, the in?uence of the torsion torque 
exerted to the driving Wheel, i.e., vibration of the driving 
Wheel due to the torsion torque, can be determined. In other 
Words, decision can be made on the basis of the above 
mentioned phase difference as to Whether the Wheel vibra 
tion is bought about by the judder or the rough road 
condition. Namely, When the phase difference corresponds 
to the reverse phase relation mentioned above, it can be 
decided that the Wheel vibration is due to the judder. On the 
other hand, unless the phase difference corresponds to the 
reverse phase relation mentioned above, it can be decided 
that the Wheel vibration is ascribable to the rough-road 
condition. 

Thus, in the anti-lock brake control system according to 
the present invention, the torsion torque vibration period 
measuring means 104a may be so designed as to measure a 
time lapsed from a time point at Which the Wheel accelera 
tion reached a predetermined value as detected by the Wheel 
acceleration arithmetic means 102a to a time point at Which 
the torsion torque attains a predetermined value Within a 
predetermined time period. In this case, the rough-road/ 
judder discriminating means 105 may be so designed as to 
decide that the Wheel vibration is ascribable to rough-road 
condition When the time measured by the torsion torque 
vibration period measuring means 104a is greater than a 
predetermined value inclusive, While deciding that the Wheel 
vibration is due to judder When the time measured by the 
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10 
torsion torque vibration period measuring means 104a is 
smaller than the predetermined value. 
The amplitude of the Wheel acceleration, i.e., difference 

betWeen the maximum value and the minimum value of the 
Wheel acceleration, can be determined on the basis of the 
torsion torque, tire torque and the brake torque in accordance 
With the folloWing expression (4) Which can be derived from 
the expression (3) mentioned previously. Namely, 

In this conjunction, the tire torque undergoes no vibration 
unless the load imposed on the Wheel changes as in the case 
of Where the motor vehicle is running on a road having a 
substantially smooth road surface. Further, When the braking 
hydraulic pressure is held constant or increased only gently, 
the brake torque changes only gradually. Accordingly, the 
tire torque and the brake torque have maximum and mini 
mum values Which are substantially equal to each other. In 
other Words, the amplitudes of the tire torque and the brake 
torque may be neglected. Thus, the above-mentioned 
expression (4) can be reWritten as folloWs: 

As can be seen from the above expression, upon occurrence 
of judder, relation betWeen the amplitude of the Wheel 
acceleration and that of the torsion torque can be given by 
a constant ratio. 

On the other hand, When the motor vehicle is running on 
a rough road, the coefficient of friction of the road surface 
and the load acting on the Wheel undergo variations. 
Besides, because the tire torque changes signi?cantly, the 
expression (5) can no more be satis?ed. To say in another 
Way, When the motor vehicle is running on a rough road, the 
amplitude of the Wheel acceleration becomes greater than 
that of the torque. 
As a result of this, it can be decided that the judder is 

taking place When the ratio of amplitude betWeen the Wheel 
acceleration and the torsion torque lies Within a predeter 
mined range (or is smaller than a predetermined value 
inclusive). On the other hand, When the amplitude ratio 
exceeds the predetermined range (or is greater than the 
predetermined value), the Wheel vibration can be decided as 
being ascribable to the rough road. 

Thus, in the anti-lock brake control system according to 
the present invention, the Wheel vibration detecting means 
102 may be composed of a Wheel acceleration arithmetic 
means 102a for determining a Wheel acceleration by deter 
mining a rate of change in the Wheel speed, and a Wheel 
vibration amplitude calculating means 102C for arithmeti 
cally determining a maximum value or alternatively a mini 
mum value of the Wheel acceleration as a Wheel vibration 
amplitude value representing the amplitude of the Wheel 
vibration. On the other hand, the torsion torque vibration 
detecting means 104 may be composed of a torsion torque 
vibration amplitude calculating means 104b for arithmeti 
cally determining a maximum value or alternatively a mini 
mum value of the torsion torque as a torque amplitude value 
representing the amplitude of the torque variation, as shoWn 
in FIG. 1B. In that case, the rough-road/judder discriminat 
ing means 105 may be so designed as to decide that the 
Wheel vibration is ascribable to rough-road condition When 
a ratio betWeen the Wheel acceleration amplitude value and 
the torsion torque amplitude value is greater than a prede 
termined value inclusive While deciding that the Wheel 
vibration is due to judder When the ratio betWeen the Wheel 
acceleration amplitude value and the torsion torque ampli 
tude value is smaller than the predetermined value. 
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A corrected acceleration Gc derived by correcting the 
Wheel acceleration GW With the torsion torque Tt can be 
given as follows: 

From the expression (3), the following expression (7) 
applies valid. 

Gc=(Kr/lw)-(p-W-r-Tb) (7) 

Thus, the relation betWeen the tire torque p-W-r deter 
mined from repulsion p-W of the road surface given as a 
product of the road surface friction coefficient p and the load 
W on one hand and the brake torque Tb generated by the 
braking hydraulic pressure on the other hand can be deter 
mined in terms of the corrected acceleration Gc. 
More speci?cally, upon occurrence of judder, neither the 

coef?cient of friction of the road surface nor the braking 
hydraulic pressure changes any appreciably. Thus, neither 
the tire torque )vWr nor the brake torque Tb changes 
periodically, and thus difference betWeen the tire torque 
p-Wr and the brake torque Tb is held to be substantially 
constant. In other Words, the corrected acceleration Gc 
assumes a substantially constant value in accordance With 
the expression By contrast, When the motor vehicle runs 
on a rough road, the tire torque undergoes appreciable 
variation, bringing about change in the difference betWeen 
the tire torque and the brake torque. In other Words, the 
corrected acceleration Gc vibrates When the motor vehicle is 
running on a rough road. 

Thus, When the Wheel is vibrating, decision may be made 
that the vibration of the Wheel is ascribable to the judder, if 
the Wheel acceleration GW vibrates at a predetermined 
period With the corrected acceleration Gc exhibiting no 
de?nite vibration behavior. By contrast, When both the 
Wheel acceleration and the corrected acceleration vibrate at 
a substantially same period, it can then be decided that the 
vibration of the Wheel is not due to the torsion torque but 
brought about by the rough or irregular surface of the road. 

Thus, in the anti-lock brake control system according to 
the present invention, the Wheel vibration detecting means 
102 may be composed of a Wheel acceleration arithmetic 
means 102a for determining a Wheel acceleration by deter 
mining a rate of change of the Wheel speed, a Wheel 
vibration period measuring means 102b for measuring a 
Wheel vibration period at Which the Wheel acceleration 
reaches the predetermined value, a corrected acceleration 
arithmetic means 111 for determining a corrected accelera 
tion by correcting the Wheel acceleration by adding thereto 
the torsion torque, and a corrected acceleration vibration 
period measuring (or detecting) means 112 for measuring a 
period at Which the corrected acceleration reaches predeter 
mined value, as shoWn in FIG. 2. In that case, the rough 
road/judder discriminating means 105 may be so designed as 
to decide that the Wheel vibration is due to a rough-road 
condition When the Wheel vibration period is greater than a 
predetermined value inclusive and When the vibration period 
of the corrected acceleration is greater than a predetermined 
value inclusive, While deciding that the Wheel vibration is 
ascribable to judder When the vibration period of the cor 
rected acceleration is smaller than the predetermined value. 
NoW, the present invention Will be described in detail in 

conjunction With What is presently considered as preferred 
or typical embodiments thereof by reference to the draWings. 
In the description, like reference characters designate like or 
corresponding parts throughout the several vieWs. Also in 
the folloWing description, it is to be understood that such 
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terms as “left , right , rear”, “front” and the like are Words 
of convenience and are not to be construed as limiting terms. 
Embodiment 1 
An anti-lock brake control system according to a ?rst 

embodiment of the present invention Will noW be described 
by referring to FIGS. 3 to 5, in Which FIG. 3 is a schematic 
diagram shoWing a general arrangement of the anti-lock 
brake control system mounted on a motor vehicle, FIG. 4 is 
a diagram shoWing in detail a structure of an actuator shoWn 
in FIG. 3, and FIG. 5 is a block diagram shoWing in detail 
a system con?guration of a controller shoWn in FIGS. 3 and 
4. 

Referring to FIG. 3, Wheel speeds of individual Wheels of 
a motor vehicle are detected by Wheel speed sensors 2a to 2d 
(designated generally by reference numeral 2) each of Which 
may be constituted by an electromagnetic pick-up type 
sensor or photoelectric transducer type sensor knoWn per se. 
More speci?cally, the Wheel speed sensor 2a is mounted on 
the motor vehicle at a position near to a Wheel 1a to generate 
a rotation speed signal indicating the rotation speed of the 
Wheel 1a. Similarly, the Wheel speed sensors 2b to 2d are 
mounted at positions located in the vicinity of the driving 
Wheels 1b to 1d, respectively, to thereby generate rotation 
speed signals indicative of the rotation speeds of these 
Wheels, respectively. Parenthetically, these Wheel speed sen 
sors 2a to 2d (also designated by reference numeral 2 
representatively or collectively) cooperate to constitute the 
Wheel speed detecting means 101 mentioned previously in 
the anti-lock brake control system according to the instant 
embodiment of the invention. 
As can be seen in FIG. 3, the driving Wheels la and lb are 

operatively coupled to an internal combustion engine 
(hereinafter simply referred to as the engine) 6 of the motor 
vehicle by Way of axle shafts 4a and 4b and a differential 
mechanism 5, Wherein the axle shafts 4a and 4b (also 
designated by reference numeral 4 representatively or 
collectively) are provided With torque sensors 3a and 3b 
(also designated by reference numeral 3 representatively or 
collectively) for detecting torsion torque applied to the axle 
shafts 4a and 4b, respectively. Parenthetically, the axle shaft 
(4a, 4b) may also be referred as to the driving shaft. When 
the motor vehicle to be controlled is a front-Wheel driving 
type, the front Wheel serves as the driving Wheels 1a and 1b 
With the rear Wheels being non-driving Wheels 1c and 1d. On 
the other hand, in the case of the motor vehicle of the 
rear-Wheel driving type, the rear Wheels function as the 
driving Wheels 1a and 1b With the front Wheels being the 
non-driving Wheels 1c and 1d. The torque sensors 3a and 3b 
are installed in association With the driving Wheels and may 
be implemented in the form of a bridge-circuit type strain 
gauge mounted on each of the axle shafts 4a and 4b so that 
the strain gauge undergoes distortion corresponding to the 
magnitude of torsion torque applied to the axle shaft 4a; 4b, 
Wherein the distortion is detected as a change in the voltage 
appearing across both the terminal of the bridge circuit 
constituting the strain gauge. The voltage signal outputted 
from the strain gauge is sent to a controller 11 via a slip ring 
or in the form of a radio signal. In this manner, the outputs 
of the torque sensors 3a and 3b mounted on the axle shafts 
4a and 4b can be transmitted to the controller 11. 
Parenthetically, the torque sensors 3a and 3b cooperates to 
constitute the torsion torque detecting means 103 in the 
anti-lock brake control system according to the instant 
embodiment of the invention. 

Provided in association With the Wheels 1a to 1d are 
braking devices 7a to 7d, respectively, Which serve as the 
braking means. 
















